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a  b  s  t  r  a  c  t
A  concomitant  study  was  carried  out,  of  the  association  of  positive  serology  for Toxocara
spp. in 90  children  who  played  in  public  squares  used  for  leisure,  with  the  frequency  with
which  each  child  used  these  areas,  and  the  presence  of  eggs  of  Toxocara  spp.  in  the  sand  or
grass in  these  locations.  The  sand  and  grass  of  their  peridomiciles  and  school  playgrounds,
as well  as  the  feces  of their  dogs  were  also  analyzed  for Toxocara.  Serum  samples  were
tested  for  IgG  antibodies  to Toxocara  canis  excreted–secreted  larval  antigens  by ELISA, and
blood samples  for  eosinophilia.  The  water-sedimentation  technique  was  used  to evaluate
the presence  of  parasite  eggs  in the  sand  and  grass  turfs,  and  in  feces  of  the  dogs  that  also
frequented  these  locations.  16/90  (17.8%)  of  the  children  were  seropositive  for  Toxocara  spp.
There was  a  positive  association  between  seropositivity  in  children  who  played  in  the  public
squares six  or  seven  times  a week,  with  a parasite  load  above  1.1 eggs/g  of  sand,  as  well  as
with contamination  of  the  peridomicile,  even  at  less  than  1.0  egg/g  of  sand.  Eosinophilia,
the  habit  of  geophagy,  age  from  one  to four years,  and  the presence  of  parasitized  pet dogs
were also  positively  correlated  with  seropositivity  in  the  children.  Eggs  were  found  in  15/15
(100%) of the  public  squares,  17/90  (18.9%)  of  the  peridomiciles,  3/13 (23.1%)  of  the schools,
and 12/41  (29.3%)  of  the  dogs  living  in  the peridomiciles  investigated.
© 2012 Elsevier B.V. Open access under the Elsevier OA license.. Introduction
Human toxocariasis is a zoonosis caused by infective
arvae of Toxocara canis (Beaver, 1952) or Toxocara cati
Nagakura et al., 1989), ascarids that parasitize dogs and
ats.  One of the most common dog parasites worldwide,
. canis can reach a high prevalence because of the large
umber of eggs excreted and the eggs’ resistance to envi-
onmental conditions (Chiefﬁ et al., 1988; Costa-Cruz et
l.,  1994; Overgaauw, 1997; Santarém et al., 1998). Human
nfection takes place through the accidental ingestion of
mbryonated eggs, which are contained mainly in soil
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Open access under the Elsevier OA license.(Glickman and Schantz, 1981; Castillo et al., 2000). The
larvae  migrate particularly to the liver, lungs, nervous tis-
sue,  and muscles (Nagakura et al., 1989; Overgaauw, 1997;
Chiefﬁ  and Lescano, 2005), and the clinical picture depends
on  the number of larvae, the location, and the degree of
immunity of the human host (Glickman et al., 1979; Kayes,
1997).  Although in most cases the infection is subclinical
(Beaver, 1952), three syndromes are recognized: visceral
larva  migrans, ocular toxocariasis, and occult or covert tox-
ocariasis  (Radman et al., 2000; Ferreira and Ávila, 2001;
Magnaval et al., 2001). Infections by a small number of lar-
vae  can remain asymptomatic (Chiefﬁ and Lescano, 2005).Human  toxocariasis is diagnosed mainly through sero-
logical tests, in combination with clinical signs and the
results  of blood tests. One of the most commonly used
tests is the ELISA (Enzyme-Linked Immunosorbent Assay)
ary ParaM.P. Manini et al. / Veterin
method with excreted/secreted antigens (TES) of ﬁlarioid
larvae of T. canis for the detection of anti-Toxocara spp. IgG
antibodies (Ferreira and Ávila, 2001; Alderete et al.,  2003).
Human seropositivity can be observed in areas where
the soil is contaminated by eggs of Toxocara spp. (Won
et al., 2008). The risk increases according to the degree
of environmental contamination (Won  et al., 2008); how-
ever, risk factors may  differ among regions (Andrade et al.,
2001; Matsuo and Nakashio, 2005). The growing numbers
of pet animals, mainly in large urban centers, have led to
closer contact of these animals with humans, increasing the
degree of exposure (Gennari et al., 2000).
Most published studies, including those of our research
group, have not concomitantly analyzed the serology and
the different environmental spaces frequented by individ-
ual children. This makes it difﬁcult to perceive correlations
among the factors that are responsible for the contamina-
tion (Paludo et al., 2007; Tiyo et al., 2008; Colli et al., 2010;
Mattia et al., 2011). In view of the scarcity of studies evalu-
ating the range of locations that are both contaminated by
eggs of Toxocara spp. and frequented by children (Won  et
al., 2008), the objective of the present study was to evaluate
the association between the contamination of the public
squares used by children and the serological frequency of
anti-Toxocara spp. IgG antibodies in these children.
2. Materials and methods
2.1. Study area
The city of Umuarama (53◦32′W,  23◦76′S) is located
in the state of Paraná, southern Brazil, and has 100,676
inhabitants, with an IDH (index of human development)
of 0.800 (IPARDES). The climate of Umuarama is classiﬁed
as Subtropical humid mesothermal, with warm summers,
and winters with only occasional frosts. The annual mean
temperature is 22.1 ◦C and the rainfall is 1700 mm year−1
(Silveira, 2003).
The study area included public squares in the urban
zone of Umuarama that contained sand and/or grass areas
used by children for leisure and recreational activities. Of
15 existing public squares, six were located in the central
part, and nine on the outskirts of the city. The sand and/or
grass areas of all these squares were examined for eggs of
Toxocara spp.
2.2. Sampling children
Over a four-month period, an observer stationed in each
square during the day recorded the children who habitu-
ally (at least once a week) frequented the square. Children
from 1 to 12 years of age, of both genders, were recorded
(Paludo et al., 2007; Colli et al., 2010; Mattia et al., 2011).
Following these observations, the legal guardian of each
child was invited to participate in the study, and those
who accepted signed a Free and Informed Consent Form
(Opinion CEPEH/UNIPAR-1008/2008). All children who  vis-
ited the square at least once a week, and whose legal
guardians gave written permission for them to participate
were included in the study.sitology 188 (2012) 48– 52 49
2.3. Blood collection and analysis
For each child, blood was collected after a visit to his or
her residence, and the child’s legal guardian completed a
questionnaire containing clinical and epidemiological data
including symptoms of bronchitis and asthma, skin aller-
gies, habits of geophagy and onicophagy, the presence of
dogs and cats in the peridomicile, and the frequency of the
child’s visits to the public square each week.
The anti-Toxocara spp. IgG antibodies were studied by
the ELISA method, using excreted/secreted antigens of
second-stage larvae of T. canis (TES) obtained according
to Rubinsky-Elefant et al. (2006).  All samples were tested
in duplicate. The sensitivity and speciﬁcity of the immu-
noenzyme test were 78% and 92% respectively (Glickman
et al., 1978). The serum samples were sent to the Environ-
mental Parasitology Laboratory of the State University of
Maringá (LPA/UEM), Paraná, and stored at −20 ◦C until ana-
lyzed. The data for eosinophilia (≥600 cells/mm3) for each
child were obtained at the Clinical Analyses Laboratory of
the Paranaense University (Unipar) in Umuarama, with the
use of the Cell-Dyn 3500 automatic hematology analyzer
(Abbot Diagnostics). The degree of eosinophilia was  clas-
siﬁed according to Naveira (1960):  absent (1% and 4%),
eosinophilia Grade I (>4% and 10%), Grade II (>10% and
20%), Grade III (>20% and 50%) and Grade IV (>50%).
2.4. Collection and analysis of sand and grass turf from
public squares
In each public square, samples of 100 g of sand were col-
lected at ﬁve different points, one at each edge and another
in the center of the area, to a depth of approximately 5 cm
below the soil surface, for a total of 500 g. For the loca-
tions with grass turfs, their total length was divided into
ﬁve equidistant points, one at each edge and the other in
the center. At each point, a 20 cm × 10 cm piece of grass turf
was removed. The samples were placed in plastic bags and
sent to the LPA/UEM, where they were processed on the
day of collection.
The samples were processed by the water-
sedimentation technique (Lutz, 1919), indicated to
ascarids eggs (Oliveira-Rocha and Mello, 2005), with some
modiﬁcations:
1) 35 g of the total 100 g sample of sand collected at each
point were diluted and homogenized in 150 mL  of dis-
tilled water and the individual grass-turf samples were
washed with 150 mL  of distilled water.
2) The material was  ﬁltered through gauze, and allowed to
settle for 6 h.
3) The supernatant was discarded and the sediment sus-
pended in 5% formalin.
4) Two  mL  of precipitate from each sediment sample was
analyzed with the aid of an optical microscope.5) For each locale, the mean of the ﬁve collection points
was  calculated, and the results were expressed quanti-
tatively as the number of eggs/g of sand, or eggs/m2 of
grass turf.
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he same procedure was  carried out for the sand and/or
rass in the peridomicile of the residence of each child,
nd for the playgrounds of the schools where the children
articipating in the study played.
.5. Parasitological examination of domestic-animal
eces
The presence of dogs or cats in the squares was  noted,
nd any fresh dog feces present were collected for labora-
ory analysis.
During the domicile visits, the presence of dogs and/or
ats in the peridomiciles of the residences of the children
articipating in the study was observed. In these cases, the
wner was requested to collect the fecal material of the
nimals in a plastic ﬂask. All the fecal samples were pro-
essed by the water-sedimentation technique (Lutz, 1919).
or each sample, 2 g of feces was diluted and homogenized
n 150 mL  of distilled water. Two mL  of the precipitate
as analyzed with the aid of an optical microscope, and
he results were expressed quantitatively as the number of
ggs/g of feces.
.6. Statistical analyses
The statistical analyses were carried out using the
atabase and the program Statistica 6.0, to obtain the mean
nd standard deviation of the quantitative variables and
he relative and absolute frequencies of the qualitative vari-
bles. The positivity for the different variables was analyzed
sing Fischer’s exact test, at the 5% signiﬁcance level.
. Results
Of the total of children, 51/90 (56.7%) frequented the
ublic squares on one to three days per week, 23/90 (25.5%)
n four to ﬁve days, and 16/90 (17%) on six to seven days.
he seroprevalence rate was substantially higher among
hildren who frequented the squares on six to seven days
er week (p < 0.01) (Table 1).
Of 90 children, 16 (17.8%) were seropositive for IgG anti-
oxocara spp. antibodies. Notably, each of them resided in
ifferent domiciles, and the majority (12/16) frequented
he squares located on the city outskirts. Most (15/16) of the
eropositive children had the habit of geophagy, and half of
hem (8/16) were between 1 and 4 years of age (Table 1).
Respiratory problems such as asthma and bronchitis
ere reported by 13/16 (81.2%) (p = 0.02), and problems
ith skin allergies by 3/16 (18.7%) (p = 0.40). Eosinophilia
as observed in all the seropositive children (p < 0.01)
Table 1); 6/16 children showed Grade I eosinophilia, 8/16
howed Grade II, and 2/16 showed Grade III.
The parasitological analysis of the public squares,
ncluding both sand and grass turfs, revealed 100% posi-
ivity for eggs of Toxocara spp. (Table 2). Of the 15 public
quares examined, 13 (86.7%) consisted of sand and two
13.3%) were composed of grass turfs. Seven (46.7%) of the
quares were fenced, although at all of them the gates were
pen on the days when visits were made during the study.
n 11/15 (73.3%), the presence of wandering dogs was
bserved at the time of the collections, but no viable fecalsitology 188 (2012) 48– 52
material of these animals could be located for examina-
tion. No cats were present in the public squares at the time
of the collections. The squares that did not contain dogs
were positively related to the seronegativity of the children
(p < 0.05). Similarly, public squares where these animals
were present, contributed signiﬁcantly to the seropositiv-
ity (p < 0.05). All of the 16 seropositive children frequently
played in those public squares where the parasite load was
above 1.1 eggs of Toxocara spp./g of sand (p < 0.01) (Table 1).
Of the 90 peridomiciles investigated, 38/90 (42.2%) con-
sisted only of sand, 11/90 (12.2%) of grass turf, 17/90
(18.9%) of sand and pavement, 23/90 (25.6%) of grass and
pavement, and 1/90 (1.1%) of pavement alone. The parasito-
logical analysis revealed 17/90 (18.9%) peridomiciles with
eggs of Toxocara spp., including 12/17 (70.5%) consisting
of sand, and 5/17 (29.5%) of grass turf (Table 2). Seroposi-
tivity was positively associated with contamination in the
peridomicile (Table 1).
Of the 13 school playgrounds investigated, 2/13 (15.4%)
had sand, 1/13 (7.7%) had a grass turf, and 10/13 (76.9%)
had both sand and turf. Eggs of Toxocara spp. were found
in three of them (23.1%). Of the contaminated school play-
grounds, one was  composed of sand and grass turf, another
only of sand, and the third only of grass. All the schools had
fences and gates, and the gates were closed and no animals
were observed on the school grounds during the study.
Of the 90 domiciles investigated, dogs were observed in
41, and no cats were observed. In 12/41 (29.3%) dogs, eggs
of Toxocara spp. were identiﬁed in the feces (Table 2). The
presence of parasitized dogs showed an association with
seropositivity of the children (p < 0.01) (Table 1). The lack
of a domestic animal or the presence of non-parasitized
animals contributed to the seronegativity of the children
(p < 0.05).
4. Discussion
As far as we  are aware, this is the ﬁrst study of toxocari-
asis that investigated simultaneously the seropositivity of
children, the frequency with which the children played in
public squares, and the contamination of these squares as
well as of their school and peridomiciliar environments.
The frequency with which the children visited the pub-
lic squares was  positively associated with seropositivity,
i.e., those children who  played in the public squares nearly
every day of the week had a higher risk of contamination.
All of the public squares investigated proved to be contami-
nated, and the majority with a high parasite load. In another
municipality of this same region of Paraná, Tiyo et al. (2008)
also observed that eggs of Toxocara spp. were present in
all the public squares used for leisure activities, indepen-
dently of the time of year. These data indicate the risk of
contracting toxocariasis in these modern urbanized spaces
that were built for the purpose of improving the quality of
life of the citizens.
The rate of seropositivity for anti-Toxocara IgG anti-
bodies among the children investigated was  lower than
in studies performed in other regions of the same state
(Paludo et al., 2007; Colli et al., 2010; Mattia et al., 2011)
and similar to seropositivity rates found in Rotterdam in
The Netherlands (Buijs et al., 1994) and in the cities of New
M.P. Manini et al. / Veterinary Parasitology 188 (2012) 48– 52 51
Table 1
Occurrence of IgG antibodies to Toxocara canis excreted–secreted antigens (TES), according to clinical signs and epidemiological factors observed in children
who, at least once a week, frequented public squares in urban areas of Umuarama, Paraná, Brazil. May  2008 through August 2009.
Variable ELISA p*
Positive Negative Total
n % n % n %
Demographic and epidemiological variables
Visits to the square (no. days/week) 1–3 1 1.1 50 55.6 51 56.7 >0.01
4–5  4 4.4 19 21.1 23 25.6
6–7  11 12.2 5 5.6 16 17.7
Age  (years) 1–4 8 8.9 11 12.2 19 21.1 0.01
5–8  5 5.6 45 50 50 55.6
9–12 3 3.3 18 20 21 23.3
Onichophagy Yes 8 8.9 39 43.3 47 52.2 <0.05
No 8 8.9  35 38.9 43 47.8
Geophagy Yes 15 16.7 17 18.8 32 35.6 >0.01
No  1 1.1 57 63.3 58 64.4
Sand  of square contaminated (no. eggs/g) Up to 1 0 0.0 18 20.0 18 20.0 >0.01
1.1  or more 16 17.7 56 62.2 72 80
Peridomicile contaminated Yes 15 16.7 2 2.2 17 18.8 >0.01
No  1 1.1 72 80 73 81.1
School  contaminated Yes 12 13.3 4 4.4 16 17.7 >0.01
No  4 4.4 70 77.7 74 82.2
Peridomicile with parasitized dogs Yes 11 12.2 1 1.1 12 13.3 >0.01
No  5 5.6 73 81.1 78 86.7
Clinical and laboratory variables
Eosinophilia Yes 16 17.7 2 2.2 18 20 >0.01
No  0 0.0 72 80 72 80
Bronchitis and asthma Yes 13 14.4 14 15.6 27 30 0.02
No  3 3.3 60 66.7 63 70
3 
3Skin  allergy Yes 
No 1
* Fischer’s exact test value.
Haven and Bridgeport in the United States (Sharghi et al.,
2001).
The contamination of certain environmental spaces rou-
tinely used by children was also considered in this study,
and proved to be an important epidemiological factor. The
peridomicile showed a close association with seropreva-
lence in the children, even if the peridomiciliar sand and
grass turf areas showed a lower positivity index and a
smaller parasite load compared to the public squares. This
can be attributed to the longer periods of time that chil-
dren remain in the peridomiciliar environment, combined
with the very frequent habit of keeping pet dogs, which also
Table 2
Contamination by eggs of Toxocara spp. in the spaces investigated and in dogs pr
city  of Umuarama, Paraná, during the period from May  2008 through August 200
Locale No. of samples (positives/total) Material co
Public square 13/15 Sand 
2/15  Grass turf 
Peridomicile 12/90 Sand 
5/90  Grass turf 
School  3/13 Sand 
Grass turf 
Sand and G
Dogs  in peridomicile 12/41 Feces 3.3 8 8.9 11 12.2 0.40
14.4  66 73.3 79 87.8
contributed to contamination of this space. In agreement,
this study found that non-reactive children either did not
have pet dogs or cats, or else their dogs were not contami-
nated. Chiefﬁ et al. (1988) found a relationship between the
presence of dogs in the domicile and a higher frequency of
anti-Toxocara antibodies in a group of adult women resid-
ing in the urban zone of São Paulo. The high contamination
found in public squares of this study, despite the absence of
cats at the time of collection, can be explained by the habit
of these animals defecating at night in quiet (Uga et al.,
1996). In contrast, the schools were the least contaminated
environments, demonstrating the responsible behavior of
esent in the peridomicile of children who played in public squares in the
9.
llected No. positives (%) Parasite load
Eggs/g Eggs/m2
3 (23.1) Up to 1.0
10 (76.9) 1.1 or more
1 (50.0) 60
1  (50.0) 460
10 (83.3) Up to 1.0
2 (16.7) 1.1 or more
3 (60.0) Up to 50
2  (40.0) 60 or more
1 (33.3) 0.3
1 (33.3) 40
rass turf 1 (33.3) 0.5 80
6 (50.0) Up to 1.0
6  (50.0) 1.1 or more
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he schools in installing fences around the playgrounds and
overing the playground area, in addition to the greater
are of the educators for the health of their students.
Children between one and four years of age were the
ost frequently affected. This agrees with the ﬁndings of
aludo et al. (2007),  since this age group is the most likely
o place contaminated hands in their mouths, accidentally
r intentionally (Won  et al., 2008). In the present study,
ertain clinical and epidemiological variables, most promi-
ently eosinophilia and geophagy, showed an association
ith seropositivity, in contrast to other studies carried out
n Paraná (Marchioro et al., 2011). According to Ehrard
nd Kernbaum the typical toxocariasis patient is a child
etween 2 and 7 years of age with a history of geophagy and
xposure to dogs at home. In the present study, the individ-
al investigation of each child and his or her environmental
paces made it possible to reﬁne the investigation fur-
her than was possible through the design of other studies
Alderete et al., 2003; Paludo et al., 2007; Colli et al., 2010).
Considering the dynamics of how the children utilize
heir environmental spaces, the most important factors
hat increased the seropositivity rate were the habit of fre-
uenting public squares contaminated with a high parasite
oad on nearly every day of the week, and a contaminated
eridomicile with parasitized dogs present. In contrast, the
eronegative children played less often in public squares,
nd although they played in the peridomicile, either they
id not possess dogs or cats, or their pets were not contam-
nated. These ﬁndings indicate that both public authorities
nd families can take certain speciﬁc precautions that
ogether will help to prevent children from becoming con-
aminated by Toxocara spp.
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